The efficacy of red cell salvage was assessed under circumstances which simulated blood loss managed with sponges or suction. Expired banked blood was equally divided and processed by either suction, or absorbing the blood on a sponge followed by rinsing the sponge in saline. These two techniques were used to harvest washed, centrifuged erythrocytes. The volume, haematocrit andfree haemoglobin concentration of the banked blood and the processed units were measured, and smears from all units were examined microscopically. The red cell mass was calculated as the product of the volume and haematocrit. The red cell mass recovered by suction andfrom sponges averaged 93% and 87% respectively. Blood lost in sponges can be recovered and used to increase the available autologous blood, thereby reducing the need for donor blood.
the use of autologous blood for patients who need surgery, Techniques of surgical autologous transfusion can be classified according to the timing of the blood collection. 2 Autologous blood is salvaged intraoperatively from the surgical field. After filtration the collected fluid can be reinfused, with or without washing. 6 Intraoperative blood loss is managed by the use of suction in the surgical field, and by sponging the operative site. Blood is salvaged from the wound mostly by suction. The recovery of blood during surgical procedures has been reported to be from 50-70% of the lost red cell mass. 7 ,8 The erythrocytes irretrievably lost are assumed to be either damaged from the mechanical trauma of suction or subsequent processing, or lost in surgical drapes and sponges. This study compared the percentage of red blood cells recovered from suctioning alone with the amount recovered from blood-soaked surgical sponges.
METHODS
Nine units of time-expired packed red blood cells, processed from 450 ml of donated blood in 80 ml citrate-phosphate-dextroseadenine, were obtained from the blood bank. Two thousand five hundred units of beef heparin, the dose used to heparinise donor blood, were added to each unit, and aliquots taken for further analysis. The blood volume in each unit was measured and divided into two equal volumes, for placement into two plastic bowls. In one bowl, the banked blood was diluted with one litre of normal saline for later suctioning. Blood in the second bowl was soaked into a laparotomy sponge, consisting of four thicknesses of gauze, size 46 cm by 46 cm. One litre of normal saline was then added, the sponge was rinsed and agitated for about three minutes, rung out by hand, and the sponge discarded.
The blood-saline mixtures in each of the two plastic bowls were processed individually by being suctioned into a Haemonetics Cell Saver™ (six-button model), through a BentleyTM BCR-3500 20 micron filter, using wall suction generating a pressure of -120 mmHg through a Yankauer suction tube. Red cell containing fluid was washed with normal saline and centrifuged until the effluent appeared clear to the naked eye. The volume of each processed unit was measured and aliquots taken for analyses. In the samples direct from the banked blood, and the two salvaged units, haemoglobin and haematocrit were measured on ELT. 800 Ortho Diagnostics Systems. Smears of the initial, suctioned and sponged cells were made on Coming Larc™ISpinner for microscopy. All the aliquots were analysed for haemoglobin, haematocrit and free haemoglobin. Free haemoglobin was determined spectrophotometrically. The red cell mass was calculated as the product of blood volume and haematocrit, and the percentage recovered for each unit processed was computed.
RESULTS
The units of banked blood had an average volume of 238 ml and a haematocrit of 73% (Table I ). The volumes of salvaged blood were similar, with a corresponding fall in haematocrit by approximately half. The red cell mass recovered from the suctioned bowls represented 93% (SO 8) of that which had been present; the percentage recovered from the blood-soaked sponges represented 87% (SO 6) of the red cell mass originally in those bowls.
The smears of the banked blood showed cell crowding secondary to the high haematocrit, with normal morphology and no cell fragments. There were a few echinocytes and elliptocytes and a few erythrocytes demonstrated a minor degree of poikilocytosis. The smears of both suctioned and sponged blood showed normal red cell morphology and no fragmentation. The amount of free haemoglobin present in the processed blood was substantially decreased (Table 1) . DISCUSSION The Council on Scientific Affairs of the American Medical Association believes autologous blood transfusion is the safest form of transfusion therapy and endorses its use. 9 The use of autologous blood for immediately available transfusion was suggested as early as 1818. 10 Early users of autologous blood transfusion ll ,12 have reported the recovery of 66% of the blood lost, for replacement, and 33% lost in 'sponges and sawdust ... '. 13 The use of suctioned blood together with blood wrung out from 'cotton plegets used for sponging and temporary packing' was described in 1925. 14 In 1968, it was proposed that blood lost intraoperatively be collected, processed and returned to the patient's circulation. Blood from the surgical suction-aspirator, bloodsaline mixture from irrigation of the surgical field and from sponge washings was fed into a continuous flow centrifuge, the cells washed and resuspended, in Ringer's lactate solution, and reinfused. 15 There are many devices for intraoperative blood collection and subsequent autologous transfusion. These devices either filter, collect and reinfuse whole blood, or centrifuge and wash the collected blood for reinfusion in a suspension of red cells in saline. The washing process removes soluble activated clotting factors, anticoagulant, white cells, platelets, red cell stroma, soluble haemoglobin, intracellular enzymes and potassium. 16 Two to 10% of the red cells undergo lysis during harvest and washing procedures, but retrieved autologous cells have near normal 2,3-diphosphoglycerate levels,17 and there is evidence that the autotransfused cells exhibit near normal survival. I8 After major cardiovascular surgery there is a reported consistent decrease in haematocrit of about 10% after intraoperative autotransfusion. This decrease is apparently caused by a combination of intraoperative haemolysis, dilution by intravenous fluids, and unsalvaged red cell losses in surgical drapes, sponges, filters and tubing. The use of the Cell Saver@) for cardiovascular procedures has reduced the need for intraoperative homologous blood by 50_60%. 19.20 Total hip arthroplasty and scoliosis fusion involve continuous blood loss from the soft tissues and cancellous bone surfaces. 21 In salvaging from the operative field for subsequent processing the technique includes not only the blood loss, but also accompanying irrigation fluid and debris from the surgical wound. Recovery of red blood cells during hip arthroplasty has Anaesthesia and Intensive Care. Vol. 15. No. 4. November, 1987 reported an erythrocyte salvage of 50%.Y In spinal surgery, the red cell recovery has been reported to be 50-70%. 7.22 Assuming half of the blood shed intraoperatively is removed in sponges, the present study agrees with the reported recovery of red cells by suction of almost 50% of the total loss of red cell mass, after filtration and washing. The recovery of an additional 40% of the original red cells from the sponges, lost during the surgery, can be achieved. By using plastic bowls containing normal saline, blood-soaked sponges can be immersed in the saline, rinsed, agitated and the blood wrung out. The resulting blood-saline mixture can be processed by aspiration into the cell-salvaging equipment, filtered, centrifuged and washed, and the recovered red cells suspended in lactated Ringer's solution for return to the patient. This may increase the harvesting of red cells intraoperatively and could increase the yield of red blood cells further. The preliminary use of this technique during suitable noncardiac surgical procedures has lowered the use of donor blood.
